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ABSTRACT
The primary objective of this study was to determine if current colormatching procedures
produce the desired color on the final printed package.
A problem with printed items is thatmultiple departments and companies are involved
with the choosing, specifying and approving of colors. This study evaluated one part of
this procedure - the printed color standard.
The printed color standard is used by the printer and packaging buyer to assure color
consistency. However, there is often little understanding of light sources, color
perception, chromatic adaptation, metamerism and ink dry-back.
Color reference systems, like Pantone, recommend updating their color standards every
six months to assure color consistency. Yet, printed color standards that are produced
with less inert inks and amore reactive surface, are often used for years.
This study evaluated the drying and ageing characteristics of ink both visually and
spectrophotometrically, and showed that the current color matching procedures need to be
improved to reduce the chance ofoff colors.
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DEFINITIONS
ANSI AmericanNational Standards Institute
Black body radiator A body which absorbs all radiation falling on it and reflects none.
At each temperature to which it is heated, it radiates a precise magnitude per area
of its surface at each wavelength throughout the spectrum. Thus, a family of
spectral curves is formed for the family of temperatures. The temperatures are
expressed in the Kelvin (absolute) scale. Also known as a Planckian radiator.
Chroma One of the attributes of color, characterized by its purity or saturation
(strength).
CIE Commission Internationale d'Eclairage, a standard-setting organization for color
measurement
Colorimeter An optical measuring instrument designed to respond to color in amanner
similar to the human eye.
Color proof A printed or simulated printed image of the color separation films. The
colorants used are selected so that the proofwill produce a close visual simulation
of the final reproduction.
Color rendering index Method for describing the effect that a particular light source has
on the color appearance of objects, in comparison with their color appearance
under a reference light source. A color rendering index of 100 indicates perfect
agreement between the test source and the reference source.
Color temperature The temperature, in degrees Kelvin, to which a black body would
have to be heated to produce a certain color radiation. 5000K is the graphic arts
viewing standard.
Cone Receptor in the retina that is responsible for color vision.
Densitometer Instrument used to measure the optical density of a transmitting material,
or an instrument to measure the negative log of the reflectance of a reflecting
material. It does notmeasure color. Widely used in the graphic arts for process
control.
Dry-back The change in density of a printed ink film from wet to dry caused by the
penetration of ink into the substrate.
Film separation The process ofmaking film intermediates from the color original to
record the red-, green-, and blue-light reflectances. These films are used to
prepare the cyan, magenta and yellow printing plates. A black separation is also
made.
Hue The attribute of color by means ofwhich a color is perceived to be red, yellow,
blue, purple, etc. White, black and grays possess no hue.
ISO International Organization for Standardization. ISO is not an acronym; it is derived
from Greekmeaning "equal".
ICC International Color Consortium
Metamerism A phenomenon exhibited when two pigments match under one
illumination but vary in hue under a different illuminent.
Munsell Color System Amethod of classifying surface color in a solid. The colors in
the collection are spaced at subjectively equal visual distances.
Nanometre The unit of length used for describing the wavelength of light and equivalent
to IO"9metres or 10 Angstroms; same as the older termmillimicron.
Abbreviation: nm. Visible light wavelengths range from 400 - 700 nm.
PantoneMatching System A system of solid ink colormixing, based on eight colors
plus white and black.
Retina The light sensitive part of the eye which consists of cones and rods.
Rod Receptor in the retina that determines light and dark.
Spectrophotometer An instrument for measuring the relative intensity and radiation
throughout the continuous spectrum that is reflected or transmitted by a sample.
Spectrophotometers are normally equipped with dispersion optics to give a
continuous spectral curve.
Swatch Made for color matching. It is when a film if ink is deposited on paper by a
smooth edged blade to evaluate the color of the ink. The swatch should be made
on the actual paper to be used for the final product.
Tristimulus value Amounts in percent of the three components necessary in a three-
color additive mixture required formatching a color.
Value One of the attributes of color, which is determined by its lightness or darkness.
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INTRODUCTION
A printed package normally starts its life as an artboard. An artist uses pencils, inks, and
markers to design graphics that catch the eye and meet government regulations. A printer
must then use four color process ormatch special inks to fulfill the artist's vision. The
artboard is normally photographedwith film separations made from this photograph. The
separations are adjusted depending on the type ofprinting to be used, the customer's
preferences, and equipment requirements. A color proof is made from these separations.
This color proof along with ink swatches are then submitted to the customer for approval.
If any changes are necessary to the color proof, new separations must be made. The
approved color proof is used by the printer for process color approval, and ink swatches
are used for approval of any special colors. The color proof and ink swatches give a
representation ofwhat the customer wants and what the printer needs to achieve.
Normally, the printer requests that the customer attend the first printing of an item. The
customer will approve the colors on press, and the printerwill use these approved colors
as the standard specification. The printer often produces light and dark standards for the
customer to approve as the acceptable color range. The colors are lighten and darken by
approximately five percent from the standard. The customer signs off on the approved
color and gives samples to the printer as well as the plant using the cartons. The printer
then has the same standard as the purchaser, but does this standard represent the initial
vision?
IMPORTANCE OF STUDY
The issue to be studied is this color approval process. Does this process lend itself to an
accurate reproduction of the desired color? Ifnot, what factors contribute to the
inaccurate reproduction?
FACTORS INFLUENCING PERCEPTION
Color is the perceptual result of light in the visible spectrum, having wavelengths in the
region of400 nm to 700 nm, striking the retina. The human retina has three types of
photoreceptors, known as cones, which are sensitive to different wavelengths. It is the
stimulation of these three types of cones that produces color. This tristimulus of color
sensation means that different wavelength distributions can produce the same perceived
color. Therefore, colors that are perceived to match under one light source may not
match under other light sources. These colors are called metamers and the phenomenon,
metamerism.
When light is refracted into its various wavelengths through a prism, the resulting
rainbow effect is not a smooth graduation of color. Some of the color bands are very
narrow with others being quite wide.
Figure 1
The Visible
Spectrum
The perception of color variation at the center of the visible spectrum (550 nm) is almost
half that of the ends of the visible spectrum. Therefore, the amount of change necessary
to be perceivable varies on where the color lies within the visible spectrum. Different
colors are perceived when wavelengths of light are combined in unequal proportions.
Adding and mixing the three primary wavelengths of light (red, green and blue) in
different combinations, produces a full spectrum of color. This is known as the additive
color process. The presence of all three primary wavelengths in equal amounts will
produce white light.
Printing is based on the subtractive color process. To reproduce color on paper,
transparent pigments are used to "subtract" certain wavelengths which allows others to be
reflected. The primary subtractive colors are cyan, magenta and yellow. Combining
these subtractive primary colors in equal amounts produces black.
Figure 2
The principles of
additive color
reproduction
Figure 3
The principles of
subtractive color
reproduction
Color is not simply a physical phenomenon dependent on the object and light source.
Color is a complex visual sensation influenced by physiological and psychological factors
thatmake one person's perception of color slightly different from another's. "Colors do
not exist independently in nature, they are a by-product ofperception" (Boker 2). To
understand the sensation of color, one must study the human factors, physiological and
psychological, as well as the light source and characteristics of the object.
THE EYE
The human eye is a very complex organ. With it humans have the ability ofone of the
five senses; vision. The iris of the eye regulates the amount of light that comes into the
eye through the pupil. After traveling through the vitreous humor (fluid in the eye), the
light enters the retina which is the light-sensitive portion of the eye. The retina consists
of rods and cones. The rods are mainly responsible for vision in the dark and are located
on the sides of the eye. Rods are sensitive to light. When the light is low, rods can detect
subtle differences between light and dark, but cannot detect color. The cones are
responsible for color vision. Different cones are sensitive to different colors of light. "As
the light increases, the cones become sensitized and can detect the individual components
of light which create the sensation of color. As the level of light further increases, colors
can be perceived because color is inherent in light. Without light, there is no color"
(Whiteman and Killeen 21).
"Many different theories have been proposed to explain the phenomenon of color vision,
but they all are based on the well-known observation that the human eye can detect
almost all graduations of color when red, green and blue monochromatic lights are mixed
appropriately in different combinations" (Guyton 718). The generally accepted
mechanism of color vision states that three different types ofphotochemicals are present
in different cones making these cones selectively sensitive to the different colors ofblue,
green and red. These photochemicals are blue sensitive pigments, green sensitive
pigments and red sensitive pigments. The absorption characteristics of the pigments in
the three types of cones show peak absorbencies at light wavelengths of445 nm (blue),
535 nm (green), and 570 nm (red). These are also the wavelengths for peak light
sensitivity for each type of cone, which begins to explain how the retina differentiates the
colors (Guyton 716).
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COLOR PERCEPTION
There is little understanding ofhow the brain perceives color. We know the brain
interprets the data from the eye, but there are many instances where the interpretation is
misleading. The brain does not view each color separately but views the object as a
whole. Identical colors may be perceived differently depending on the size and shape of
the object and its contrast to surrounding colors. For example, magenta surrounded by
yellow will appear darker than the same magenta surrounded by cyan. Another example
is where two solid colors meet, there is the appearance that the edges have a higher
contrast. It is believed that these interpretations help with general vision. The increased
contrast helps to pick out objects in the environment and aids in depth perception.
Figure 5
Color contrast
effect
Cones in the eye are responsible for color vision. When a single group of color receptive
cones is missing or abnormal, the person is unable to distinguish some colors from others.
This inability to distinguish colors is termed color blindness or weakness. Those persons
involved in any stage of color choice or approval must have their color vision tested. The
most common method for determining color blindness is through the use of the Ishihara
charts. These are numbers composed ofdots ofvarying sizes and colors that are
superimposed on backgrounds made up of similar dots. The measure ofnormal color
vision is based on the ability to perceive the numbers correctly.
Even persons with normal color vision do not always see color the same way.
Differences in judgement due to variations in eyes are not uncommon. Color perception
can also be influenced by the surroundings. When an observer takes an array of colored
objects from natural sunlight into a room illuminated by an incandescent filament source,
it will be noticed immediately that the colors perceived to belong to the object have
changed to amarked degree. The blues had become darker and much less saturated; the
greens, yellower; and the purples much redder. These predictions hold good for the
sunlight adapted eye. Unfortunately, the observer's eye begins to change almost
immediately upon entering the artificially illuminated room, and after a fewminutes, the
eye increases its sensitivity to the short wavelength part of the spectrum so thatmany of
the objects are perceived to have the same colors as they had in the sunlight. Thus,
incandescent light, natural sunlight, and fluorescent light are all perceived as white. Only
when an object is viewed under each light source side by side, can the differences be
noted. This is an example of chromatic adaptation. (MacAdam 330). Complete
adaptation seems to be confined to the range 4500K to 5500K. 6500K (D65) will usually
be perceived with a tint ofblue, and Tungsten (3500K) has a slightly yellow cast.
As illustrated in a study by the Polaroid Corporation, the brain will often perceive the
expected color despite the illuminating light source. Several images were illuminated by
various colored light sources and yet the colors were always perceived as normal colors.
"Our ability to perceive with some accuracy the color of light illuminating the object, to
discount this color with remarkable success and so to perceive the color of the object
regardless of the color of the illuminate has been termed object-color
consistency"
(MacAdam411).
LIGHT SOURCE
Packaging is viewed under all types of light sources; natural sunlight, fluorescent and
tungsten (incandescent) to name a few. Light sources have different wavelength
distributions. They emit different combinations ofwavelengths in varying intensities.
All lightmay look white and yet not consist of the same wavelengths. Initial evaluation
of a color should be made under the point ofuse illumination to show what the color will
look like in that environment. Objects that appear to match under one light source, may
not under another. This is an example ofmetamerism.
Light sources have two major components; color rendering index (CRI) and color
temperature. Color rendering index is a measure that describes the effect that a particular
light source has on the color appearance of objects in comparison with their color
appearance under natural sunlight. A color rendering index of 100 indicates perfect
agreement between the light source and natural sunlight. "The color temperature of a
light source is a measure of the integrated spectral energy distribution of that
source"
(Field 23). This temperature is expressed in Kelvinwith normal lighting conditions
specified at a temperature of 5000K or 6500K. The American National Standards
Institute (ANSI) standard "...specifies that light with a correlated color temperature of
5000K and a CRI greater than 90 be used for color
evaluations" (Hicks 31). The color
temperature of a light source is related to ametallic black body radiator. When the
radiator is heated, it changes in color along a continuous spectrum from red to yellow to
white to blue. At the white point (5000K), all wavelengths ofvisible light are given off.
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If the color temperature is lower than 5000K, such as Tungsten, the light will have a
yellow tinge. If it is higher than 5000K, such as D65 the light will have a blue tinge.
Figure 6
Color appearance
under different
light sources
Tungsten Fluorescent
Three of the most commonly occurring light sources are natural sunlight, fluorescent
lighting and tungsten (incandescent) lighting. Natural sunlight is most often the preferred
light of choice. The CRI is 100 but it is not desirable for use because natural sunlight
varies in color and illumination strength (2000-26000K) from day to day and location to
location. Not all wavelengths of light are represented in the sunlight we see.
There are two major types of fluorescent lighting; commercial and D50. Commercial
fluorescent lighting generally is a poor simulator of sunlight conditions. It has a CRI of
54-85, and the energy distribution is not a smooth gradient. It has areas of spikes ranging
from 3000-6500K. D50is a specialized fluorescent illuminant. This light source is the
desired standard for optimal viewing conditions since it has a CRI of 94 and color
temperature of 5000K.
Tungsten, also known as incandescent illumination, is most commonly found in
residential settings in the form of light bulbs. It has a CRI of 100 but a correlated color
temperature of2650 - 3400K. Since the energy distribution is deficient in the blue region
of the spectrum, various hues ofblue are not clearly noted under tungsten lighting. Due
to the low color temperature, a yellow hue is given offwith this light source.
Figure 7
Spectral energy
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VIEWING CONDITION
Viewing conditions for the printing industry are specified by the American National
Standards Institute (ANSI). This standard consists of two parts. The first addresses
viewing conditions for packaging printing with the second part focusing on color
photography.
The standard for packaging printing, ANSI PH2.30-1989 along with ISO 3664, specifies
"an illuminant equivalent to CIE D50 for viewing color reproduction" (Huntsman and
Souter 104). The illumination of the viewing area needs to be consistent with the sides of
the viewing area being no less than sixty percent of the center. Lighting other than the
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standard D50 (5000K) should be blocked from the viewing area. All surfaces should be a
neutral gray which is equivalent to Munsell N8. The viewing area should contain only
the colors being viewed. The standard recommends that the fluorescent D50 bulbs be
cleaned after every one hundred hours ofuse and replaced between 2100 and 2500 hours
ofuse. The bulbs also need to warm up for thirty minutes to one hour before viewing.
Orientation of the sample needs to be flat and centered on the table area. The light source
should be positioned to the table at a twenty degree angle to decrease any glare. Eyesight
should be allowed to adjust to the lighting for five to tenminutes before beginning
comparison. Persons involved in the viewing process should have on neutral colored
clothing or have access to neutral colored lab coats to wear during the viewing process.
The evaluator should be tested for color vision deficiencies.
Every color approval must be made under the standard viewing conditions. The viewing
conditions in the color separation area, the press room and the color approval area have to
match. D50 fluorescent bulbs are designed to create consistent sunlight conditions,
however, 5000K lamps cannot be put into existing light fixtures. Commercial light
fixtures distort the color output of standard 5000K lamps. The lighting fixture must
diffuse the light evenly and remove the excessive glare. To insure correct viewing
conditions, light indicators should be used to measure the CRI of the light source. These
light indicators give warnings when color evaluations are taking place under
inappropriate lighting conditions. They do not, however, evaluate whether a viewing
booth conforms to the ANSI standard.
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CONCLUSION TO FACTORS INFLUENCING PERCEPTION
The eye is unable to judge or appraise a color except by making comparisons or
contrasting itwith other colors under the same viewing conditions. Another deficiency of
the eye is in its inability to remember colors except by comparisons with fixed standards.
One can remember color differences between two samples and they can compare with
other colors, but one cannot remember colors by themselves. Also, not all eyes are alike;
they respond differently to the various wavelengths. Therefore, in specifying the
appearance of any color, one must know the reflection characteristics of the material and
the spectral quality of the light source. One must also allow for variation in the
sensitivity of different eyes to different wavelengths. (Printing Ink Handbook 77) The
perceived color of an object also depends of the gloss of the object, the color of the
surroundings and the observer's light adaptation.
Due to the variations in eyes and light sources, two persons often disagree on a color
match in the same light. Even with the same eye, two colors may match perfectly in one
light source, but look different in another. Metameric matches arises because the human
eye can perceive the same color for different combinations ofwavelengths.
Spectrophotometric curves of the two colors are needed to show where the difference lies.
Only colors with the same spectrophotometric curves will match perfectly under all light
sources. Metamerism becomes a problem when an inkmatcher uses a series of standard
bases that differ from those used in the original sample. In order to match the sample, an
ink manufacturer should use the same pigments that were used in formulating the sample.
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EQUIPMENT
Color is a visual perception, very subjective and difficult to verbally describe. "A trained
observer can distinguish approximately tenmillion distinct colors. Verbal systems
describe a few hundred; physical samples, a few thousand; and instruments, a few
hundred of thousands" (Field 79). Light reflected from a surface can be measured, but
the relationship between this perception and the measured values of reflected light has
never been fully understood. Color is not a physical property. It is the perception of the
distribution ofwavelengths reflected by an object. In order to discuss color and color
variation, manufactures need a common language. This is provided by color-analysis
instruments that can quantify a color's hue, chroma and intensity. There are three main
categories of color analysis instruments used in today's printing industry; colorimeters,
densitometers and spectrophotometers.
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COLORIMETERS
Colorimeters are designed to see color the same way as the human eye. They are
designed and properly used only formeasuring the color differences between two similar,
nonmetameric samples. Colorimeters display the tristimulus values; which are a
description of color space and describe the brightness, red to greenness, and blue to
yellowness. A colorimeter contains a light source, photoelectric meter and a set of three
special filters. The three filters are used to record the reflectant wavelengths at 444 nm
(blue), 526 nm (green), and 645 nm (red) which closely match the wavelengths that
stimulate the cones of the eye. The red, green and blue values of ameasured sample are
converted into coordinates. The resulting point then indicates the hue and value of the
color. The coordinates are scaled such that a difference of one unit corresponds roughly
to a just perceivable difference in color to human observers. Colorimeters are good
instruments to use, however they are usually equipped with a D65 light source. This light
source is much bluer than the graphic reproduction standard D50. Using a D65 colorimeter
means that the colors will not be measured the way they appear under a D50 proof light.
This reduces the accuracy of the color measurements and thereby reduces its usefulness in
colormatching.
DENSITOMETERS
A densitometer is very similar to colorimeter, however it cannot be used to directly
measure color and can only be used to measure the density or strength of ink films.
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Densitometers use blue, green and red filters throughwhich they can primitively measure
colors. An object with a high red and green density and a low blue density will appear
blue. However, densitometers only can be used for a roughmeasure of color. Perceived
large color differences can result from small differences in density. A one unit difference
in densitymay not be reflected equally among colors. A ten unit change to one color may
be indistinguishable to the observer where a one unit change to another colormay cause
the color to be rejected.
SPECTROPHOTOMETERS
Spectrophotometers are the most accurate and flexible method ofdescribing a given
color. They plot the percent of light reflected versus its wavelength across the visual color
spectrum. The spectrophotometermeasures color as a physical phenomenon without the
bias of the observer or the influence of a light source. It is also the only color measuring
device, including the human eye, that can readily depictmetameric differences. A
scenario ofwhere this would be important would be when multiple printing suppliers are
used. The package is printed with a D50 light source used for the viewing and sent into
the market place. The market place is usually illuminated by fluorescent lighting. If one
of the printing suppliers uses ametameric match to the original ink, the product will look
different under the fluorescent lights than the agreed upon proof. Since the
spectrophotometer can measure in all standard illuminants, a metameric match will be
detected by the analysis of the spectrophotometric curves.
15
CONCLUSION TO EQUIPMENT
Color can be described both visually and instrumentally. Color measurement devices
have evolved rapidly over the past five years with the advent of inexpensive
microprocessors. This equipment was at one time available for lab use only, now it is
being used on the printing press. Despite the improvements, the equipment still does not
duplicate human vision. All of the color measuring devices use the principle ofreflected
light, and different textures will reflect the same color differently. The human eye has the
ability to compensate for these differences. A complete colormatching process should
not only include a colormeasuring device butmust also include the human eye. It is
ultimately important that the colors match well enough so that they are acceptable to the
human eye. While the eye is usually the final okay, the equipment is the only way a color
is able to be reproduced or repeated. According to Mr. Lon Black, graphics manager at
Jefferson Smurfit Corporation, "Ninety-five percent of our customers just want the color
to match, but we are seeing more and more requests for spectrophotometric
numbers."
PRINTING
Colormeasurement equipment will produce a numeric expression or chart for a specified
color. However, apart from the possible specifications of inks and to produce proofs,
color analysis instruments are not widely used to specify color. The printing industry
prefers to describe color with the use of a physical sample that has been approved. To
help standardize the printing process, many color reference systems have been developed.
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REFERENCE SYSTEMS
There are two main color reference systems in use today. The absolute reference system
uses permanent color chips and has the ability to produce all colors. The other is the
relative reference system. It uses a fixed number of inks to match color, but it is limited
to certain colors and is unable to add additional colors.
The Munsell system, which uses color chips, is the most frequently used of the color
reference systems. It was developed in the early 1900's by AlbertMunsell, a painter, and
is a color system based on visual perception. It is considered visually uniform because
adjacent color samples attempt to represent equal intervals ofvisual perception. The
system arranges the colors in order on the basis of hue, value and chroma. Hue is the
quality by which one color family is distinguished from another. Value is the quality by
which light colors are distinguished from dark colors. Chroma is the strength of a color.
The printing industry resists the use of the absolute color reference system due to a lack
of familiarity with the system and the inability to reproduce some Munsell colors with the
use of conventional four color process.
Figure 9
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The printing industry normally uses the relative reference system. This system references
a corresponding formula which provides information on how to achieve the color. The
PantoneMatching System is the most widely used of these systems. The Pantone
Matching System uses ten standard colors and mixes them to achieve over one thousand
color matches. This system can use a spectrophotometer to measure a desired color and
then calculate the combination of inks needed to produce a match. Graphic art
accessories are also available to match the Pantone colors. Problems can occur with the
use of the relative reference system when more than one printing supplier is used. Even
when the Pantone system is used, the suppliers will visually match the same color but
may use different ink formulas, pigments and vehicles. This can cause ametameric
match. Another problem with relative reference systems is the substrate the samples are
printed on usually does not match the substrate to be printed or the printing process in
use.
SPECIFICATIONS
To assure color reproducibility, the Europeans have set up a color specification for
printing inks. The United States is in the process ofdeveloping their own standards, but
due to the complexity of this process and the fact that color is not a physical attribute,
consistent standards have yet to be achieved.
The level of standardization for the U.S. printing industry was investigated by California
Polytechnical University. Fifty printers were chosen to participate in the study. They
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were selected by reputation for producing consistent high quality printing. All of the
plants visited had densitometers and ninety-two percent utilized 5000K lighting in the
pressroom. The majority ofprinters concentrated on ink densities alone as the measurable
variable. Other variables were considered as a last resort. The study "...encountered some
managers that seemed frightened by the information in printed control devices and
preferred not to know" (Mott 645). The visual perceptions of the pressmen were used for
the colormatching with the densitometer being used only when the color could not be
matched. "Less than one third of the plants surveyed send their crews to seminars for
specialized color training, and only then ifoffered in a nearby
community" (Mott 651).
Most plants utilize their senior people for training new employees. Most pressmen are
trained on the job with less than fifteen percent of the printers having previous experience.
The study concluded that standardization was evolving but very slowly. The
specifications appeared to be derived from customers and prepress areas rather than the
pressroom. In fact, the pressrooms were found to be resistant to standardization. The
printers often use unique film separations to eliminate the possibility of anyone else using
their films. The use ofnonstandard systems was felt to be a deterrent to the competition.
(Huntsman and Souter)
MATERIALS
The printed package is expected to last through the distribution stream to the final
customer. The color consistency of a package is especially important at the point of
consumer purchase. The package, acting as the silent salesman, draws the consumer's
19
attention to the product. Color consistency within a specific product line as well as
throughout a company's line is a key to increased shelfpresence and marketability. Color
consistency within a product line can be influenced by several factors: utilization of
various packagingmaterials; application ofdifferent printing processes; and use of
materials printed by different suppliers. These suppliers may also have their own
influencing factors such as the use ofmultiple suppliers for their rawmaterials (substrates
and inks).
The printing industry blames the lack of color consistency on their rawmaterials, yet most
attempts at raw material standardization have been resisted. There are three sources of
rawmaterials most often blamed; the films to make the plates, the ink for printing, and the
substrate to be printed.
Problems with the film usually result from amisunderstanding on what the color proof
should show. The printer wants the color proof to show the capabilities of the printing
press, while the ultimate customer wants the film separator to match the artboard.
Depending on who pays the film separator, the color proofwill vary. The printer is often
relied upon for all aspects of color matching. They will normally request certain dot gains
and ink rotations depending on the printing press. However, printers have only a general
idea of the capabilities of their presses and are often not experts at color matching. Most
printing plants do not send their pressmen to any type of color training. Since the ultimate
customer is the one specifying the colors, they should be making the color decisions.
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The colors of a package depend largely on the properties of the ink and substrate. Most
packaging inks consist of a pigment or dye and a vehicle. The ink vehicle consists of
resins, oils, or solvents that keep the colorant particles apart and well dispersed.
Different vehicles have distinct chemical characteristics. The vehicles may have to be
changed to achieve the new finish. The ink vehicle can also alter the hue and purity of a
particular colorant. This can be due to the color of the vehicle itselfor because different
ink vehicles develop different colors when dispersing the same colorant. Any changes
made to the ink may alter the color. A seemingly simple change, changing varnish to
waterbase coating, could drastically change the color.
The strength of an ink as a print is also dependent upon the substrate on which the ink is
printed. For example, the same ink on an absorbent substrate will show different strengths
than on a nonabsorbent substrate. Similarly, differences will be seen between inks drying
at different rates on the same surface due to different penetration rates. The printer must
consider the substrate whenmatching inks.
Printing ink changes color as it dries. Most printers know this and will try to compensate
for any "dry-back". An approval on the press does not always take this into account. The
standards used to specify color fade or get damaged over time and new standards must be
printed and approved. Each time a new approval is made, the perceived color could be
varying from the initial color.
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"Surface topography is the single most important paper property that affects print
density"
(MacPhee and Lind 427). On a smooth surface or high gloss surface, any light that is
reflectedwill be directional. While on rough surface or matte finish, the light reflected is
scattered. The more scattered the light reflection, the lower the densities of the colors.
Another paper property that can affect the color of a package is the whiteness of the paper
surface. The paper should be as neutral in color as possible. Papers used in package
printing may vary from a slightly yellow to a blue-white cast. This can cause color
distortion in printed colors. It can be difficult to compensate for this slight distortion due
to the way our eyes perceive color. Often the color shift only becomes apparent when
compared to other print runs.
TEST PROCEDURE
Two studies were performed to compare and evaluate the spectrophotometric
characteristics ofprinting under various conditions. The hypothesis was that a major
factor contributing to color variation was due to the ink changing color as it dried and its
reaction with the surroundings over time.
The first study examined two inks during drying. Spectrophotometric curves were
produced every eight hours over a forty-eight hour period. The inks were liquid when
applied to the paperboard and completely dry by the end of the study.
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The second study looked at the ageing characteristics of five inks on two types of
paperboard. This study encompassed a fourmonth time frame. Four ageing conditions
were used for the study. Each condition was chosen to represent environmental situations
to which the inks could be exposed. These situations were heat, sunlight, fluorescent
lighting and darkness. Each week, spectrophotometric curves were taken of each sample.
CONTROL
Four industry color standards were also tested as controls. Spectrophotometric curves
were produced on two Munsell color standards and two typical industry color standards.
The light, standard and dark samples were measured with the Macbeth Color-Eye
3000 Spectrophotometer. The differences between the light and dark limits were
calculated and used as the initial control for a perceivable color change.
Table 1 TYPICAL INDUSTRY COLOR STANDARDS
Munsell Orange Munsell Red Dark Green Light Green
(nm) 460 540 660 460 540 660 460 540 660 460 540 660
dk-light 0.50 0.22 0.52 0.14 0.14 1.55 2.28 2.50 0.07 2.31 2.64 2.91
Range 0.25 0.11 0.26 0.07 0.07 0.78 1.14 1.25 0.04 1.15 1.32 1.45
The difference between the light and dark limit was divided by two to show the average
range from the standard. The average change from the standard color was 0.66. Any
study samples with a change over the 0.66 were said to have a possible perceived color
difference. See Appendix A.
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SAMPLES
The test was conducted at an offset lithography printing facility which produced high
quality folding cartons. The samples were obtained during two normal print runs, and the
take offbars (solid printed areas on the sheet) were utilized for the samples. All samples
were printed on a Roland 800 Offset Lithographic printing press. The press conditions
were kept constant for all samples. The printed color samples were marked and organized
to assure the testing of the same sample area throughout the study period. The
repeatability of the marking system was checked with a test sample. The test sample was
placed in and removed from the spectrophotometer twenty times. The resulting
spectrophotometric curves were graphed. The test samples showed an average variation
of 0. 1 1 . This variation was assumed to be the test error. See Appendix A.
SPECTROPHOTOMETER
The Macbeth Color-Eye 3000 Spectrophotometer, available from Kollmorgen
Instruments Corporation, was used to measure all samples. To insure consistency, the
standard spectrophotometer set up conditions of 5000K illumination and forty-five degree
CIE Lab standard observer were used. The calibration values of the Macbeth master
standard #155A have been verified by NBS Standard Reference Material 2020c, serial
numberNBS-21 8.
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STUDY ONE
PROCEDURE
Two printed samples, one red and one blue, were obtained from the same sheet of clay
coated newsback. From the time ofprinting, they were tested every eight hours for forty-
eight hours. Between testing, the samples were kept in a darkened environment at
seventy-two degrees Fahrenheit and fifty percent relative humidity. During each testing,
spectrophotometric curves were obtained with theMacbeth Color-Eye 3000.
DATA
The first sample studied, the red ink sample, showed typical drying characteristics of ink.
As the ink dried, the perceived color became lighter. The readings at the three selected
wavelengths of460, 540, and 660 nm showed a consistent change in reflectance with the
average change in reflectance of 8.83. (See Appendix B) This ink was applied
approximately five densitometer units heavier than the ink swatch that was used as a
match. The pressman applied this heavier ink amount based on his past experience.
When the ink dried, the perceived color thenmatched the swatch.
The second sample, the blue ink sample, showed atypical drying characteristics with the
color not only lightening but a perceived change in hue from blue to violet noted. The
readings at the three selected wavelengths of460, 540, and 660 nm were not consistent.
The change in reflectance in the red region (660 nm) of the spectrum was 1 .95, while in
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the blue region (460 nm) it was only 0.16. (See Appendix B) It is believed that the
oxidation of certain pigments in the ink were the cause of this change. While printing the
job, the press room manager was never able to achieve the same color as the approved
swatch. The swatch was redder, which gave the appearance ofbeing darker in shade. The
choice was made to get the printing to look as dark as the swatch with the hope it would
match when dry. When the ink dried, the perceived color did not match the swatch. The
first two days ofproduction were segregated due to this color variation. A variance had to
be obtained from the customer before the cartons could be shipped. This variance was
only received because the customer was on press and approved the "off-color". The
spectrophotometric curve showed the change as the ink dried. The wet ink curve showed
only one peak in the blue region of the visible spectrum (450-480 nm). As the ink dried, a
second peak appeared in the red region of the visible spectrum (590-660). This caused the
ink to take on a reddish hue. From the curve, it was determined that two ink pigments (red
and blue) were used to achieve the final perceived color, violet. To help with the color
approval process, a set ofdensitometer readings for the wet ink were established. A
second set of readings were also taken on the dry ink. These reading were approximately
twenty densitometer units apart.
The industry standards showed an average standard color to light or dark
limit of 0.66
with the average maximum change of 0.94. These numbers
represented a change from the
desired color to outside of the acceptable color limits. The two printed samples
that were
tested used these numbers as a basis for color acceptability. The colors
that fell outside of
26
the limits were considered to be unacceptable color variation. Depending on the color,
some readings within these limits also represented excessive color variation.
Both samples in the first study had an average change in color greater than the typical
industry standard of 0.66.
STUDY TWO
PROCEDURE
Four sheets of solid bleach sulfate (SBS) and four sheets of clay coated newsback (CCN)
were printed concurrently. Each sheet was printed with black, cyan, magenta, yellow and
green color bars. The color bars on all eight sheets were separated into forty printed
samples. The samples were divided into sets often which contained each color on both
types ofpaperboard. The resulting four groups were exposed to various conditions for the
length of the study. The first group was placed into a lab oven maintained at one hundred
degrees Fahrenheit. The second group was placed in a window and exposed to Northeast
winter light conditions with four hours of direct light per day. The third group was placed
under commercial fluorescent lighting for twenty-four hours a day. The final group was
stored in a darkened environment at seventy-two degrees Fahrenheit and fifty percent
relative humidity. Each sample was tested with theMacbeth Color-Eye
spectrophotometer once a week over a sixteen week period.
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DATA
See Appendix C for test result data and complete charts. All color samples showed some
degree of change with those exposed to sunlight showing the greatest change in color.
(The data for green CCN was inadvertently destroyed.) The cyan, magenta, yellow and
black inks used were the process colors that were normally used on the press. The green
ink was a special color used specifically for the order from which the samples were
derived. This ink was used for a comparison between process and special colors.
Each condition affected the five colors differently. The sunlight conditionwas by far the
largest contributor to a perceptual change. The sunlight group had the greatest change in
the 460 nm readings. The yellow in both the SBS and CCN groups was most dramatically
changed with the SBS having a 49% change and the CCN a 36% change. The green SBS
was changed by 8.57% and magenta SBS, 6.25%. The magenta CCN was changed by
3.21%. Magenta SBS was also changed in the 540 nm range by 3.99% and CCN, 1.94%.
These changes were still perceivable but to amuch less degree than the yellow. The cyan
and black in SBS and CCN did not show as great a change as the other colors. In fact, the
cyan and black showed approximately the same change under fluorescent lighting as they
did exposed to sunlight.
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Table 2 4 MONTH PERCENT REFLECTANCE CHANGE
Sunlight Fluorescent Heat (100 F) Dark
SBS CCN SBS CCN SBS CCN SBS CCN
Cyan
460 1.45 0.14 1.36 0.36 1.13 0.27 0.50 0.06
540 0.86 0.45 0.07 0.33 0.32 0.50 0.25 0.15
660 0.71 0.39 0.52 0.54 0.34 0.63 0.42 0.48
Magenta
460 6.25 3.21 0.24 0.51 0.12 0.51 0.31 0.38
540 3.99 1.94 0.74 0.77 0.67 0.77 0.65 0.61
660 0.37 0.20 0.93 0.07 0.01 0.98 0.16 0.66
Yellow
460 49.03 36.38 0.63 0.68 0.44 0.61 0.41 0.53
540 1.94 0.07 1.95 0.13 0.22 0.82 0.03 0.82
660 0.74 0.14 0.93 0.07 0.12 0.89 0.37 0.54
Black
460 0.68 0.59 0.74 0.67 0.51 0.64 0.54 0.58
540 1.02 0.70 0.92 0.77 0.69 0.79 0.66 0.72
660 0.89 0.79 0.80 0.74 0.65 0.85 0.68 0.65
Green
460 8.57 N/A 0.87 N/A 0.08 N/A 0.16 N/A
540 0.51 N/A 0.30 N/A 0.54 N/A 0.31 N/A
660 0.76 N/A 0.63 N/A 0.70 N/A 0.29 N/A
*Note: Numbers in bold reflect possible significant visual perception change.
Using the typical industry color change variance of 0.66%, twenty-seven of the thirty-six
samples showed possible perceivable color change by the end of the study. Eight of the
twenty-seven were exposed to sunlight conditions, and another eight were those under
fluorescent lighting. Those in the lab oven at 100 F had seven that showed possible
perceivable color change, and even four of those kept in a darkened environment had a
possible perceivable change in color.
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The samples stored in the darkened controlled environment were initially to be the control.
However, four of the nine samples exhibited a color change greater than the typical
industry standard of0.66%. Overall, these samples stilled showed the least amount of
change in color, therefore were used as the visual comparison for all other samples.
Using the dark samples as a visual reference, the four categories were compared.
Table 3 4 MONTH PERCEfVED COLOR CHANGE
SUNLIGHT FLUORESCENT 100 F
CYAN (SBS) lighter slightly lighter slightly lighter
MAGENTA (SBS) lighter slightly lighter slightly lighter
YELLOW (SBS) bleached out slightly lighter no visual change
BLACK (SBS) bleached out slightly lighter no visual change
GREEN (SBS) turned bluish no visual change slightly lighter
CYAN (CCN) no visual change slightly lighter lighter
MAGENTA (CCN) lighter slightly lighter lighter
YELLOW (CCN) bleached out slightly lighter lighter
BLACK (CCN) no visual change slightly lighter lighter
All of the sunlight exposed samples, with the exceptions of cyan CCN and black CCN,
significantly faded over time. The yellow samples were the most drastic in change with
the last samples barely showing any of the original yellow color. The fluorescent exposed
samples, except for the green SBS, became slightly lighter in perceived color by the end of
the study. All of the CCN samples in the lab oven at 100 F became significantly lighter
with the SBS samples of cyan, magenta and green only becoming slightly lighter in color.
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All inks showed a perceptual color change under fluorescent or heat conditions. Under
fluorescent lighting, 88% of the samples became slightly lighter. While under heat, 33%
were perceived as slightly lighter, with 44% perceived as lighter in color.
In order to understand the perceived changes in color, the following definitions were used
to describe the changes.
No visible change: little to no perceived color change.
Slightly lighter: lighter; should be within the light limit.
Lighter: definitely lighter; possible outside the light limit.
Bleached out: significantly lighter; outside the light limit.
Turned bluish: change in hue; outside the color limit.
It was observed that during the testing, the CCN board yellowed to some degree, while the
SBS board went unchanged. This color change of the CCN board, as well as the makeup
of the board, was not factored into this study.
RESULTS
The results of these two studies showed that a color approval process that utilized color
swatches, color books, and the printer's color expertise had unaccountable color variation.
The inks changed considerably over the course ofdrying and when stored for a period of
time. Exposure to sunlight produced the greatest change, but fluorescent lights and heat
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also lightened the colors significantly. Even some samples stored in darkness showed a
perceivable color change.
The spectrophotometric curves measured the amount of change to each sample. The
curves were compared to one another. The samples that exhibited no visual change in
color were shown through spectrophotometric curve analysis to have indeed changed.
RECOMMENDATIONS
Historically, managing color has been a very time consuming and costly process. Color
specifications are often not understood or communicated.
The printing industry is headed toward standardization, but there are many obstacles that
have to be overcome first.
Lack of color education.
Ignorance about spectrophotometers.
Several color standard organizations.
Multiple light sources for viewing considered as standard.
Different colormatching and reference systems in use.
The printer and customer will use a color proof to match the color on press. The customer
will approve a sheet for color. This sheet is now the color standard for all future print runs
used by the printer and customer. This study has shown that the colors become not only
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lighter as they dry but also over time. The printer and customer may still be using the
original color standard years after it was first printed. Even if a new standard is made, the
old standard is the basis for the new standard. Since the original standard has become
lighter over time, the new standard and any subsequent standards will progressively get
lighter until the standard is nowhere near the original standard in color. Colors should be
updated on a regular schedule with the original colors remaining consistent.
The printing industry resists the use of spectrophotometers stating that they are of limited
use due to the roughness of the paper surface. "This is because spectrophotometers
operate on the principle of reflected light. Different surfaces and textures reflect the same
visual color differently. This means that a spectrophotometer will generate two different
results for two different surfaces that have the same color" (Litsikas 26). If a
spectrophotometric curve is obtained for a print run, only one paper surface is in use.
Initial selection of color must be specified by a spectrophotometer. Once a color is
approved and a spectrophotometric curve is obtained, a colorimeter can be used to
compare the printed color and approved color. Periodically, the color standards should be
checked with a spectrophotometer. Once a significant change is noted by the
spectrophotometric curve analysis, new color standards should be made. The original
spectrophotometric curve should be used to make the new standard. By using
spectrophotometric curve analysis to match colors, any variation in colors will be limited.
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ICC, ISO, and ANSI are all color standard organizations. They each specify different
light sources as their standard. These light sources range in strength from 2800K - 4800K
5000K - 6500K. Viewing color under different light sources can cause metameric
matches. In the United States, the most common graphic arts lighting used is 5000K (D50)
which corresponds to the "whitest" light.
Many colormatching and reference systems exist. Each describes and graphically
represents colors differently. Colors from one system do not correspond with any other
systems. Different segments of the graphic arts industry utilize different systems. For
example, an artistmay use aMunsell color on the artboard. The printer uses Pantone
colors. This becomes a problem when the printer tries to match theMunsell color. Each
system has its benefits and drawbacks. New systems are being developed to attempt to
encompass all systems. Hopefully, one will be successful. Ifnot, the printing industry
might be forced to chose one system for color consistency by their customers.
"It is only after all parties have a through understanding of the nature of color and have
mastered a logical system of color description will much of the waste and off color and
frustration ofvague color specifications be eliminated from the color printing
industry"
(Field, 1987,23).
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